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Motivation

Main goal of this approach — extracting resonant characteristics from
only E, (N, 7€) in No Core Shell Model

Coulomb interaction is long-range = applying “standard” J-matrix
formalism to evaluate phase shift is impossible
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J-matrix formalism: brief overview

Oscillator basis (with h§ parameter)

Potential energy matrix is truncated
to size N x N (matrix elements of short-range
potential quickly decrease in limit n — o)

Kinetic energy matrix is full and infinity
(matrix elements lineary increase in limit n — oo)

¢ (E) Sne—GNNTNN+1,0SN+1,0
an 0y = —
Cny— GNNTNN+1,CNy10

Sn(E), Cpe(E) — free solutions in ocsillator basis
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J-matrix formalism: brief overview

GN’N:_Z P

E,, — eigenvalue of truncated Hamiltonian
This sum is hard to evaluate!

In case of E = F,

SNt1,0(Ey)

tandy(E,) = “CnirdBy)
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J-matrix formalism in case of charged particle

Auxiliary potential

d > RNucl

VSh _ { VNucl _|_VCoul7 r< d;
va()

0, r>d;

Optimal value of d is determined by
classical turning point of basis state with
highest oscillator quantum number N

d=2ro\/N +£/2 + 3/4

ro = % — oscillator radius
“w
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Coulomb




J-matrix formalism in case of charged particle

Calculating 55’1 through “standard” J-matrix
Matching with Coulomb asymptotics

Wa(je, Fr) + Wy(ne, Fp) tan 5‘5}’
Wa(je, Go) + Wa(ng, Gy) tan 52?]1

tan dy, = —
Quasi-Wronskins

Waties i) = (G U Fae. br) = ier) L6 k) )

r=d

je, ng — spherical Bessel and Neumann functions,
Fy, Gy — Coulomb functions,
& — Sommerfeld parameter
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J-matrix formalism in case of charged particle

Phase shift for V" potential (E = E,):

Sn+1,e(Ey)

tan 07" () =  COnsre(Ey)

FE,, — eigenvalue of Hamiltonian with truncated potential

Wa(ne, Fo)Sn11,0(Ey) = Wa(je, For)COny1,e(Ey)

tandy(F,) = —
e(B) Wa(ne, Go)Sn+1,0(Ey) — Wa(je, Go)Ong1,0(Ey)
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In vicinity of resonance

Phase shift in vicinity of resonance:

a\/E —i—cx/E

d¢(E) = — arctan I

a, b describe resonant behavior

¢ describes contribution of other S-matrix poles
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E,(N, hQ2) function

Equation for defining implicit function E, (N, Q) (with fixed a, b, ¢)
Wa(ne, Fo)Sn+1,0(Ev) = Wa(je, F2)Cn1,0(Ey)

~ Walne, Go)Sns1.0(Ey) — Wa(je, Go)Onsa0(Ey)

VE
= —arctang 22 +cv E,
L —

Typical dependence, note dd;/dE > 0
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No Core Shell Model

States 3~ and 3 of °Li in NCSM
NN potential — JISP16
Energy from pa threshold

E,(N,hQ) = E)Y(N, Q) — EHe (N, hQ)

a, b, c is fitted to NCSM results
Selection criteria: dd;/dE > 0
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pa scattering, resonant state 1/27
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pa scattering, resonant state 1/27
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pa scattering, resonant state 1/27
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pa scattering, resonant state 3/27
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pa scattering, resonant state 3/27
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Resonant state %_

Resonant state %_

Calculations | Experiment ‘
E,., MeV 3.478 2.85+0.05

T, MeV 5.659 6.15+0.10 ‘
Calculations | Experiment

E,., MeV 2.157 1.658 + 0.005
I, MeV 1.512 1.26 +£0.01
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Conclusions

o J-matrix approach can be extended to description of resonant
states in systems with Coulomb interaction

o This approach was applied to describe pa scattering, convergence
is obtained
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Thank you for attention!
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